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As a measure of the risk of financial assets, volatility plays an important role in 
many financial topics. Therefore, accurately measuring and forecasting financial 
volatility is of crucial importance. Thanks to the ever-developing technology, it’s 
easier to acquire high-frequency data than before, which results in a shift from 
commonly used GARCH models to more recent Realized Volatility models. The 
HAR-RV model based on Realized Variance is the benchmark in this area. 
As the sampling frequency goes to zero, realized volatility is consistent for the 
true latent volatility, however in any given finite sample it is, of course, subject to 
measurement error, standard approaches for dealing with errors-in-variables problem 
treat the variance of the measurement error as constant through time. 
In contrast, my study explicitly takes into account the temporal variation in the 
errors when modeling and gives a deep investigation on impacts of measurement 
errors on the volatility of Chinese stock market. Empirical results show that during the 
years 2007 to 2008, and 2014 to 2015, the Chinese stock market exhibits a high 
volatility period, measurement errors seem to cluster in these periods too. Introducing 
measurement errors into the HAR-RV model forms HARQ model, HARQ model 
shows both superior in-sample fit and out-of-sample forecast. The data of Chinese 
stock market and empirical results suggest there should be adjustment for 
measurement errors in longer horizon RVs, innovatively, by introducing an extra 
autoregressive parameter adjustment term in the HARQ model which forms HARQ-A 
model, it keeps the simplicity and facilitate processing initial data, empirical results 
show the new HARQ-A model outperform basic HAR-RV and HARQ models in both 
in-sample fit and out-of-sample forecast for Chinese stock market, thus the HARQ-A 
model helps to forecast volatility of Chinese stock market more accurately. 
 




























1 引言 ........................................................................................................................... 1 
1.1 研究的背景与意义 ......................................................................................... 1 
1.2 研究结构 ......................................................................................................... 2 
1.3 主要贡献 ......................................................................................................... 3 
2 文献综述 ................................................................................................................... 4 
2.1 已实现波动率 ................................................................................................. 4 
2.2 测量误差 ........................................................................................................ 8 
2.3 文献综述小结 .............................................................................................. 10 
3 研究方法 ................................................................................................................. 11 
3.1 已实现方差 ................................................................................................... 11 
3.2 测量误差 ....................................................................................................... 13 
3.3 跳跃和已实现半方差 .................................................................................. 14 
3.4 异质性自回归模型 ...................................................................................... 16 
3.5 模型评价指标 .............................................................................................. 17 
4 测量误差与波动率预测模型 ................................................................................. 18 
4.1 数据 ............................................................................................................... 18 
4.2 引入测量误差的作用 .................................................................................. 21 
4.3 基准模型设定 .............................................................................................. 23 
4.3.1 样本内估计 ....................................................................................... 23 
4.3.2 样本外预测 ....................................................................................... 25 
4.4 跳跃对测量误差的影响 .............................................................................. 28 
4.5 更长的模型期限对比 .................................................................................. 29 
4.6 稳健性检验 .................................................................................................. 32 
4.6.1 数据生成过程 ................................................................................... 32 
4.6.2 备选的积分四次方差估计量 ........................................................... 33 
4.6.3 备选的 HARQ模型设定 .................................................................. 34 
4.6.4 其他形式的“Q模型”.................................................................... 35 
4.7 小结 .............................................................................................................. 39 
5 修正测量误差系数的 HARQ-A模型对中国股票市场波动率的预测能力 ....... 40 
5.1 HARQ-A模型 ............................................................................................... 40 
5.2 样本内估计 .................................................................................................. 42 
5.3 样本外预测 .................................................................................................. 44 
6 结论与展望 ............................................................................................................. 48 
6.1 研究结论 ...................................................................................................... 48 
6.2 展望 .............................................................................................................. 49 
参考文献 ..................................................................................................................... 50 
附录 ............................................................................................................................. 56 





























1 Introduction ............................................................................................................... 1 
1.1 Research background and importance ............................................................. 1 
1.2 Thesis structure ................................................................................................ 2 
1.3 Contribution ..................................................................................................... 3 
2 Literature review ...................................................................................................... 4 
2.1 Realized volatility ............................................................................................ 4 
2.2 Measurement errors ......................................................................................... 8 
2.3 Summary ........................................................................................................ 10 
3 Theories .................................................................................................................... 11 
3.1 Realized volatility .......................................................................................... 11 
3.2 Measurement errors ....................................................................................... 13 
3.3 Jumps and realized semivariance ................................................................... 14 
3.4 Heterogenous autoregressioin model ............................................................. 16 
3.5 Evaluate statistics ........................................................................................... 17 
4 Measurement errors and volatility forecasting models ....................................... 18 
4.1 Data ................................................................................................................ 18 
4.2 Why introducing measurement errors ............................................................ 21 
4.3 Benchmark models......................................................................................... 23 
4.3.1 In-sample estimation ........................................................................... 23 
4.3.2 Out-of-sample forecast ........................................................................ 25 
4.4 The influence of jumps on measurement errors ............................................. 28 
4.5 Longer forecasting horizons .......................................................................... 29 
4.6 Robust checks ................................................................................................ 32 
4.6.1 Data generation process ...................................................................... 32 
4.6.2 Alternative Integrated Quarticity estimators ....................................... 33 
4.6.3 Alternative HARQ model specifications ............................................ 34 
4.6.4 Alternative Q models .......................................................................... 35 
4.7 Summary ........................................................................................................ 39 
5 Refined HARQ-A model and its forecasting power............................................. 40 
5.1 HARQ-A model ............................................................................................. 40 
5.2 In-sample estimation ...................................................................................... 42 
5.3 Out-of-sample forecast................................................................................... 44 
6 Conclusion ............................................................................................................... 48 
6.1 Conclusion ..................................................................................................... 48 
6.2 Further study .................................................................................................. 49 
References ................................................................................................................... 50 
Appendix ..................................................................................................................... 56 










































































M  (也即采样频率趋于零时 1/ 0M   )，由收益率平方和的得到的已实现
方差(Realized Variance, RV) 是无法观测的真实波动率(Quadratic Variation, QV) 
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